The crude extract of kohlrabi (Brassica oleracea gongylodes) was prepared as a rich source of peroxidase and its enzymatic and specific activities in the presence of cross-linked polyvinylpyrrolidone as a stabilizer were determined. This extract was used to catalyze the oxidation of thiamine in the presence of hydrogen peroxide to thiochrome at pH 8.0. Thiochrome shows strong fluorescence at 436 nm with excitation at 370 nm. Based on the obtained results, a sensitive and simple spectrofluorimetric method was developed for the determination of thiamine. In the optimum conditions, the calibration graph was linear from 2 × 10 −7 to 1 × 10 −4 mol L −1
Introduction
Thiamine (vitamin B1) is one of the water-soluble Bgroup vitamins essential for carbohydrate metabolism, maintenance of normal neural activity and prevention of beriberi. People usually obtain the nutrient from natural and fortified foods. When needed, the vitamin can also be obtained from various pharmaceutical preparations.
Several analytical methods have been proposed for the determination of thiamine including spectrophotometry, 1, 2 spectrofluorimetry, [3] [4] [5] chemiluminescence, 6, 7 chromatography, 8, 9 voltammetry 10 and kinetic methods. 11 The most widely used method for the assay of thiamine is the spectrofluorimetric method, which involves the oxidation of thiamine to form fluorescent thiochrome (TC). This reaction is always accompanied by the simultaneous formation of nonfluorescent compound, thiamine disulfide (TDS). It is known that the ratio of TC to TDS is affected by the pH, solvent and specific oxidizing agent. 12 So far several oxidants including hexacyanoferrate(III), KMnO4 and MnO2, 13 cyanogen bromide, 14 H2O2, I2 and Hg(II), 12 Cu(II) 15 and Co(II) 16 have been used for fluorimetric determination of thiamine. Among them, KMnO4, I2, and H2O2 (in alkaline solution) have been shown to favor the production of non-fluorescent TDS. Hexacyanoferrate in the absence of solvent extraction is not an appropriate oxidant and cyanogens bromide and Hg(II) are highly toxic and would cause problems as regards environmental pollution. On the other hand, it has been reported that the oxidation of thiamine by H2O2 under the catalysis of horseradish peroxidase at pH 8.5 leads to a greater than 95% yield of TC. 17 Based on this reaction a fiber optic sensor has been developed for the determination of H2O2.
Peroxidase (POx, EC 1.11.1.7) is a hem-containing enzyme that is extensively distributed in plants, animals and microorganisms. The main source of POx for commercial production is the roots of horseradish. Therefore it is usually known as horseradish peroxidase. This enzyme utilizes hydrogen peroxide to oxidize a wide variety of organic and inorganic compounds. 18 Although enzymes are widely used in biochemistry and clinical chemistry, they are expensive and their solutions are not stable. Therefore, the study of potential alternatives is one of the interesting trends in analytical biochemistry. Various metal-porphine derivatives have been used as mimetic enzymes instead of POx. 19 Chen et al. 20 have utilized iron(III) tetrasulfonatophthalocyanine as a catalyst for the oxidation of thiamine by H2O2. In recent years the use of plant tissue materials and crude extract of various vegetables as novel biocatalysts has also received considerable interest for replacing isolated enzymes. [21] [22] [23] [24] [25] The use of such biological materials is very attractive because of their simplicity, high stability, very low cost and fewer cofactor requirements in comparison with the pure enzymes. Vieira and Fatibello-Filho 26 have used the crude extract of zucchini as a source of POx for the spectrophotometric determination of H2O2. They have applied an insoluble polyvinylpyrrolidone for stabilizing the extract.
We have found that the crude extract of kohlrabi (Brassica oleracea gongylodes) is a rich source of POx and has higher enzymatic activity than zucchini. 27 In the present work, we have utilized this extract as a source of POx for the oxidation of thiamine by H2O2. Based on this reaction, a very simple and sensitive method is proposed for the determination of thiamine in pharmaceutical samples.
Experimental
Apparatus. Fluorescence spectra and intensity measurements were made on a Shimadzu RF-540 spectrofluorimeter equipped with a 150 W xenon lamp, using 1.0 cm quartz cell. Slit widths of both monochromators were set at 5 nm. ) was prepared daily by proper dilution with water. Polyvinylpyrrolidone cross-linked was purchased from Acros Chemical Company and purified as described in the literature. 23 Sodium azide was purchased from Merck and a 1% (w/v) solution was prepared in water.
A variety of healthy kohlrabi obtained from a local producer, were washed, hand-peeled and frozen in a refrigerator.
Preparation of kohlrabi crude extract. A piece of the frozen peeled kohlrabi was finely chopped and 25 g of it was mixed with 100 mL of 0.1 mol L −1 phosphate buffer (pH 6.5) and 7.5 g of polyvinylpyrrolidone. The mixture was stirred for 5 min at 4-7 o C and rapidly filtered through a layer of cheesecloth and centrifuged at 3000 rpm for 15 min at this temperature. The supernatant was deoxygenated by Ar bubbling and stored at 4 o C in a refrigerator. In this condition the solution was stable for at least two months. This solution was utilized as enzymatic source.
Peroxidase activity and total protein determinations. Peroxidase activity present in the crude extract of kohlrabi was determined by measuring an increase in absorbance at 510 nm resulting from the reaction of 4-aminoantipyrine and phenol with hydrogen peroxide. 28 The crude extract was diluted 10 times and 0.1 mL of the resulted solution was mixed with 1. 
Results and Discussion
Preliminary investigations revealed that the crude extract of kohlrabi is a rich source of POx. The peroxidase activity and total protein concentration of the crude extract, prepared as described in the Experimental section, was found to be 9610 unit and 1.50 mg mL −1 , respectively. Therefore the specific activity of the extract would be 6400 unit mg . In order to compare enzymatic activities, the crude extract of zucchini was also prepared by the same procedure and its specific activity was found to be 1690 unit mg . These results indicate the merit of kohlrabi crude extract as an enzymatic source.
The use of cross-linked polyvinylpyrrolidone to remove natural phenolic compounds from the solution in the preparation of the crude extract of kohlrabi led to substantial increase in enzyme activity and storage time. The enzyme activity of the crude extract obtained using this insoluble polymer did not vary for at least two months when deoxygenated and stored at 4 o C. Study of the effect of various parameters on the activity of crude extract and optimization of extraction procedure have been reported elsewhere. 27 Preliminary works also showed that the crude extract of kohlrabi could catalyze the oxidation of thiamine by H 2 O 2 to thiochrome, which has an excitation maximum of 370 nm and an emission maximum of 436 nm. The fluorescence spectra of catalyzed and non-catalyzed systems are shown in Figure 1 .
Effect of pH and buffer. The oxidation reaction of thiamine by H 2 O 2 , using the crude extract of kohlrabi as a source of POx, is dependent on the pH and also on the specific buffer used. The effects of pH and buffer on the reaction were studied. Four kinds of buffer system, phosphate, carbonate, borate and ammonical were tested. In the presence of phosphate buffer solution the highest fluorescence signal was obtained. Figure 2 shows the effect of pH on the fluorescence signal that was studied by using phosphate buffers. As can be seen, the fluorescence intensity reaches a maximum in the pH range 8.0-8. . Therefore 1 mL of 5 × 10 −4 mol L −1 H 2 O 2 was adopted throughout in thiamine determination. The effect of POx activity from 48 to 960 unit mL −1 on the fluorescence intensity was investigated. As can be seen from Figure 4 , the signal increases with increase in enzyme activity up to about 700 unit mL
. However since the blank signal is also gradually increased by increasing the enzyme activity, so 576 unit mL −1 was selected as suitable amount of the enzyme. This activity can be achieved by adding 0.6 mL of the crude extract to a 10 mL calibrated flask. Effect of time and temperature. Figure 5 shows the kinetic curves for thiamine-H 2 O 2 -POx system at various temperatures. As the temperature raises the rate of reaction is increased and reaches an almost constant value in the range of 40-50 o C. However, in all cases the reaction does not reach equilibrium before two hours that is too long for analytical process. Therefore, we decided to use sodium azide that is known to inhibit POx, 30 to stop the reaction at an appropriate time. When the reaction mixtures are thermostated at 40 o C for 40 min, the fluorescence signal is high enough for sensitive analysis. It was found that 0.05% sodium azide was sufficient to stop the reaction.
Analytical figures of merit. By using the optimum conditions described above, a spectrofluorimetric method was developed for the determination of thiamine. The calibration graph (n = 14) was found to be linear in the range 2 × 10 . In order to study the precision of the method, a series of nine standard solutions of 5 × 10 −6 mol L −1 thiamine were measured in the same day. By applying the IUPAC definition, the relative error and the relative standard deviation (RSD) were 0.6 and 1.2%, respectively. Table 1 compares the analytical characteristics of the proposed method with some published methods for the determination of thiamine. As can be seen, our proposed method has comparable or better detection limit than the methods studied except for the one that used a synthetic catalyst as the mimetic enzyme. But the preparation of crude extract is much simpler than the synthesis of this mimetic enzyme.
Study of interferences. The effects of foreign substances on the determination of 5 × 10 −6 mol L −1 thiamine were examined. A substance was considered to interfere when the variation in fluorescence signal was more than 5%. The results are shown in Table 2 . The tolerance level for other water-soluble vitamins allows the proposed method to be The given values are the concentrations in the final solutions.
used to determine the thiamine content in vitamin B complex preparations.
Applications. The proposed method was applied to the determination of thiamine in four pharmaceutical samples. The results are shown in Table 3 . Statistical analysis of these results showed that there are no significant differences between experimental values and those reported by the manufacturing laboratories. It should be noted that concentrations of other ingredients present in vitamin B complex tablet and syrup are lower than their tolerance limits. Therefore, as the obtained results confirm, there are no interferences from these compounds.
Recovery experiments on pharmaceutical preparations spiked with different amounts of thiamine were also carried out. As can be seen from Table 2 , the obtained recoveries are between 99 and 104%.
Conclusions
The crude extract of kohlrabi is an inexpensive and stable source of peroxidase and can be used in the spectrofluorimetric determination of thiamine. The proposed method is sensitive and has a wide linear range and was successfully applied to the determination of thiamine content of vitamin B complex preparations.
